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notes, discussions and the interchange of information on botani- 
cal subjects. We may take occasion to reproduce some of the 
items of general interest in subsequent issues. 

The arrangements made by the local botanical club for the 
entertainment of the club of the association were unusually com- 
plete and enjoyable. On Thursday a reception was given to the 
club at the residence of Hon. David F. Day, which proved a 
most delightful occasion. Members of the local club had taken 
much pains to bring, in addition to the hot-house plants, many 
wild flowers and plants for the decoration of the rooms, and as 
illustrations of local rarities. 

Most of the botanists went to the falls and gorge of Niagara 
on Saturday, fair weather and ample time giving opportunity for 
considerable botanizing intermixed with sight-seeing. Monday 
afternoon a special excursion, by steamer, took the botanists to 
the Canadian shore of Lake Erie and to interesting botanizing 
ground. 

Altogether the week was a delightful and profitable one ; its 
success lay not only in the fact that the meetings of the club 
were well attended, but that the several social gatherings were 
equally so. While the members learned about methods and 
things, they also gained a knowledge of their fellow-laborers, and 
imbibed an important element to progressive work — enthusiasm. 

The officers for the next year are Professor W. J. Beal, Agri- 
cultural College, Mich., chairman, and Mrs. E. G. Britton, New 
York city, secretary. 

Botanical News. — Among the notable botanical papers which 
have recently appeared, the following may be mentioned : Artifi- 
cial key to the genera of mosses recognized in Lesquereux and 
James' Manual of the mosses of North America, by Charles R. 
Barnes (Bulletin Purdue University, School of Science) ; A yel- 
low opium mold (Eurotium aspergillus-glaucus), by William 
Trelease (Contrib. Department of Pharmacy of University of 
Wisconsin) ; Harfordia, a new genus of Eriogoneae from Lower 
California, by C. C. Parry (Proc. Davenport Acad. Nat. Sci.) ; 
The banded- spore Trichias, by Geo. A. Rex (Jour. Mycology) ; 
The nectary of Yucca, by William Trelease (Torrey Bulletin) ; 
Micrococcus pasteuri, by George M. Sternberg (jour. Royal Micro- 
scopical Society) : Structure and distribution of resin passages of 
the white pine, by Etta A. Knowles (Bot Gaz.) ; The Cayuga 
flora, by William R. Dudley (Bulletin of the Cornell University). 

ENTOMOLOGY. 

The Organ of Smell in Arthropods. 1 — The question whether 
olfactory impressions as such are received by the Arthropoda, 

1 Abstract by A. S. Packard of a historical and critical study by Dr. K. Krcepelin. 
Separatdruck aus dem Osterprogramm der Realschule des Tohanneums. Hamburg, 
1883. 
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also whether there are specifically formed organs for the percep- 
tion of this kind of sensation, has always been assumed in the 
affirmative sense. The naturalists of the previous century have 
recorded an abundance of observations, which have proved the 
highly- developed powers of smell at least in insects and Crus- 
tacea. 1 

The existence of a definite sense of smell in the greater number 
of Arthropoda is, as Perris says, " a fact for a long time secured 
to science, for which there is need neither of arguments nor of 
proofs." Under these circumstances, it is clear that the question 
as to the seat of the sense of smell in the Arthropods has for a 
long time aroused the interest of naturalists. An extensive litera- 
ture on this subject has grown up in the course of years, names of 
the first rank appearing in the history of these researches ; thopgh 
perhaps in no field of zoological knowledge has such an abun- 
dance of acute, difficult work had so small a following as in the 
examination of the organs of sense, and we are still this day, in 
spite of the great advance in the last ten years, far from a com- 
plete solution of the question. 

Historical Sketch of our Knowledge of the Organs of Smell. — In 
the' first half of the last century began the inquiries as to the seat 
of the sense of smell in the Arthropods. Thus Reaumur, in his 
Memoires (1, p. 283 ; 11, 224), expressed in different places the 
view that in the antennae was situated a special organ which 
might be an organ of smell. 

In a similar way Lesser, 2 Roesel, 3 Lyonet, 4 Bonnet 5 and others 
expressed themselves. Before this Sulzer 6 suggested that an 
" unknown sense " might exist in the antennae. All these natural- 
ists supposed that there was a common plan in the organization 
of all animals, and that they must agree with the structure of 
man. Hence some regarded the antennae as two completely sepa- 
rate nasal halves, while others compared these appendages to the 
ears of mammals; others regarded the stigmata as organs of 
smell, or these were considered the natural passages for the olfac- 
tory currents. The oldest advocate of this view appears to have 
been Reimarus; 7 following him, without knowing of the former's 
opinion, was Baster (1762). Finally, in the last decennial of the 

1 Scarcely less numerous are the observations and experiments which are recorded 
in literature as to the perception of sounds by Arthropods. I refer only to the Bala- 
ninus, by Bensdorf; the caterpillar, by Bonnet ; beetles and gnats, by Kirby ; locusts, 
by Brunelli and Lehrman; the observations of Perris, Lespes, Landois, Rudiw and 
others. Finally, Graber, in his latest work on "The Chordotorial Organs of Sense 
of Insects," p. 76, remarks : " For the first time exact proof has been afforded that 
insects in general become influenced by clear sound stimuli." 

2 Lesser : Insecten theologie, 1740, 262. 

8 Roesel : Insektenbelustigungen, 1746, ir, 51. 

* Lyonet : Traite anatomique de la chenille, 1762, 42, 96, 195. 

5 Bonnet : CEuvres completes, 1779-17S3, II, 36. 

' Sulzer: Geschichte der Insekten, 1761. 

7 Reimarus : Ueber die Triebe der Thiere, 1760, 355. 
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preceding century, Dumeril, in two special treatises as well as in 
his " Considerations generates," sought to prove this theory as to 
the seat of the organs of smell in the stigmata, while Schelver 
thought this view to be at least " not improbable." 

Against both of these leading views as to the seat of the sense 
of smell were expressed, in the last century, different opinions. 
Thus Comparetti 1 thought that the sense of smell might be local- 
ized in very different points of the head, in the antennal club of 
Lamellicorns, in the sucking tube of Lepidoptera, in special 
frontal holes of flies and Orthoptera, etc., while Bonsdorf con- 
sidered the palpi as organs of smell. 

Thus were four different views, mixed together, given at the 
open-ng of this century; the Hamburg zoologist, M. C. S. Lehr- 
man, in three different treatises (2, 3, 4), brought together all the 
hitherto known observations and arguments, treated them criti- 
cally, and completed them by his own extended studies. Lehrman 
adopted the opinions of Reimarus, Baster, Dumeril and Schelver, 
that the stigmata presented the most convenient place for the 
site of the organs of smell ; but he is the first who sought to 
afford a basis for these views by new experiments and also by 
anatomical data. Regarding the antennas he was familiar with a 
number of anatomical details which in part had already been dis- 
covered before he wrote, viz, the entrance of a nerve from the 
brain into each antennae, 2 the existence of muscles (Comparetti) 
and " vessels " (Bonsdorf) in them, etc. Cuvier followed through- 
out the lead of Lehrman, but Latreille 3 returned to the view of 
the perception of smell by the antennae, while Treviranus (7, 8), in 
different journals, considered the mouth of Arthropods as the 
probable site of the sense of smell, an opinion which, before his 
time, Huber, 4 in his experiments on bees, had thought to be cor- 
rect. In 181 1 Rosenthal (5) published his discovery of an un- 
doubted organ of smell at the base of the inner antennae of crabs, 
and expressed his opinion that in the fly-like animals the sense 
of smell was probably localized in the folded frontal membrane 
above the base of the antennae. This last conclusion seemed so 
logical to his contemporaries that even Burmeister, in his Hand- 
buch der Entomologie, unhesitatingly accepted it. Less ready 
assent was given to Ramdohr's discovery, also in 181 i, that the 
organ of smell could be found in the shape of a special vesicle in 
the head of bees, for the author himself afterwards acknowledged 
his discovery to be erroneous. A third publication pf the same 
year by Marcel de Serres (26) returned again to the palpi, and 
asserted — at least in the' Orthoptera — their functions to be olfac- 
tory, while Blainville, 5 ten years later, again expressed anew the 

1 Comparetti : De aure interna comparata, Patavii, 1769. 

2 Scarpa: De auditu et olfactu, Ticini, 1789. 

3 Latreille: Histoire Naturelle des Crustaces et des Insectes, 1806-1809, II, 50. 
* Huber : Nouvelles Observations sur les Abeilles, 1792, Ji, 475. 

^ BJainville : Principes d'Anatomie Compare, 1822, I, 339. 
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old opinion that the antennae, or at least their terminations, were 
organs of smell. Up to that date there was an uncertainty as to 
the seat of the organs both of smell and hearing. Fabricius (57), 
indeed, had already, in 1783, thought he had found an organ of 
hearing at the base of the outer antenna; but this opinion was 
negatived by Rosenthal's discovery of an organ of smell [sic] in 
the inner antennae of crabs ; but as regards the insects, which 
have but a single pair of antennae, the question stood at the old 
point, and it remained a matter of speculation whether this single 
pair of antennas had the power of perceiving sounds or smell, or 
finally, both kinds of sense-impressions. In 1826 appeared J. 
M tiller's valuable work, " Vergleichende Physiologie des Gesichts- 
sinnes," in which this naturalist spoke of an already well-known 
organ in the thorax [abdomen] of crickets as an organ of hearing. 
Muller, however, was doubtful, from the fact that the nerve pass- 
ing to this organ arose, not from the brain, but from the third 
thoracic ganglion ; but, notwithstanding, he remarks : " Perhaps 
we have not found the organ of hearing in insects because we 
sought for it in the head." This discovery was afterwards con- 
siderably broadened and extended by Siebold's work, 1 for the 
views of these naturalists on the seat of both organs had a definite 
influence, especially in Germany. At present, indeed, Muller's 
hypothesis stood in complete contradiction, so that during the 
following decennial was presented anew the picture of opposing 
observations and opinions as to the nature of the organs of smell. 
While Robineau-Desvoidy, at the end of the twentieth year, and 
also later, in different writings (27, 34), strove energetically for 
the olfactory nature of the antennae, Strauss-Durkheim 2 held fast 
to the view that the trachese possessed the function under dis- 
cussion. At the same period Kirby and Spence, in their valuable 
Introduction to Entomology, maintained that " two white cush- 
ions on the under side of the upper lip " in the mouth of biting in- 
sects formed a nose or "rhinarium" peculiar to insects. This opin- 
ion was afterwards adopted by Lacordaire (Introduction a Ento- 
mologie, 11), and also by Oken in his Lehrbuch der Naturphil- 
osophie, while Burmeister, rejecting all the views previously held, 
believed that insects might perhaps smell " with the inner upper 
surface of the -skin." Muller's locust's ear he regarded as a vocal 
organ. 

Besides these occasional expressions of opinion, the French lit- 
erature of the thirtieth and fortieth years of this century recorded 
a long series of special works, with weighty experimental and 
physiological contents, on this subject. Thus Levebre, in 1838 
(28), described the experiments which he made on bees, and 

1 v. Siebold: Ueber die Stimm- und Gehororgane der Orthopteren, Archiv fiir 
Naturgeschichte, Jahrgang 10, I, 52-87, 1844. 

2 Strauss-Durkheim : Considerations generates sur l'Anatomie Comparee des ani- 
niaux articul&s, etc. Paris, 1828, 422. 



1 886.] Entomology. 893 

which seemed to assign the seat of the sense of smell to the an- 
tennae. Duges 1 reported similar researches on the Scolopendrae, 
and Pierret (32) thought that the great development of the an- 
tennae in the male Bombycidae might be similarly interpreted. 
Driesch (29) sought to give currency to the views of Bonsdorf, 
Lamarck and Marcel de Serres, that the sense of smell was local- 
ized in the palpi, though Duponchel (30, 31) went back to the old 
assertion of aeroskepsis of Lehrman, i. e., of the air-test through 
the antennae, and Goureau (33) again referred the seat of the 
sense of smell to the mouth. In England, Newport (45) at this 
period put forth a work in which he considered the antennae as 
organs of touch and hearing, and the palpi as organs of smell — a 
view which, as regards the antennae, was opposed by Newman (43). 

Thus the contention as to the use of the antennae and the seat 
of the organs of smell and hearing fluctuated from one side to 
the other, and when in 1844 Kiister (9), by reason of his experi- 
ments on numerous insects, again claimed that " the antennae are 
the smelling organs of insects," he argued on a scientific basis ; 
yet v. Siebold and Stannius (1848), in their valuable Lehrbuch 
der vergleichenden Anatomie (p. 581), remarked that "organs of 
smell have not yet with certainty been discovered in these 
animals." 

These naturalists were more happy with the crabs, whose 
organs of smell, with Rosenthal, they localized in the vesicle at 
the base of the inner antennae, though Farre (46) had regarded 
these cavities as possessing the function of hearing. 

The following decennial was of marked importance in the judg- 
ment of many disputed questions. Almost contemporaneously 
with Siebold and Stannius' Lehrbuch appeared an opportune 
treatise by Erichson (ro), in which this naturalist first brought 
forward certain anatomical data as to the structure of the anten- 
nae of insects. In a great number of insects Erichson described 
on the upper surface of the antennae peculiar minute pits, " pori," 
which, according to him, were covered by a thin membrane, and 
to which he ascribed the perception of smell. A still more 
thorough work on this subject was published in the following 
year by Burmeister (11), who recognized in the pits of Lamelli- 
corns many small tubercles and hairs ; and about the same time 
Slater (12), as also Pierret and Erichson before him had done, out 
of the differences of the antennal development in the males and 
females in flesh and plant-eating insects, brought together the 
proof of the olfactory function of the antennae. But the most 
valuable work of this period is that of Perris (36), who, after a 
review of previous opinions, by exact observations and experi- 
ments, a model of their kind, sought to discover the seat of the 
sense of smell. He comes to the conclusion that the antennae, 

1 Dugis : Traite de Physiologie Comparee, 1838, 1, 160. 
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and perhaps also the palpi, may claim this sense, and finds full 
confirmation of Dufour's (37) views, and adopts as new the 
physiological possibility expressed by Hill * and Bonnet, 2 that the 
antennae might be the seat of both senses — those of smell and 
hearing. 

As for the Crustacea, it was through Huxley, 8 and still more 
through Leuckart, 4 that the evidence was afforded that Rosen- 
thal's — also adopted as such by Blainville — olfactory organ at the 
base of the inner antennae should be regarded as an apparatus of 
hearing. Huxley therefore thought, following Farre and Robi- 
neau T Desvoidy, that the seat of the sense of smell must lie in the 
organ discovered by Fabrici us in the outer antenna, while Leydig, 6 
almost at the same time, considered certain pale, minute hairs on 
the terminal joint of the inner antennae as specific sense-organs. 

The beautiful works of Erichson, Burmeister and Pern's could 
not remain long unnoticed. In 1857 Hicks (47, 48, 49) published 
complete researches on the peculiar nerve-endings which he had 
found in the antennae, also in the halteres of flies and the wings 
of all the other groups of insects, 6 and. which he judged to be for 
the perception of smell. But Erichson's and Burmeister's " pori " 
were by Lespes, in 1858 (38), explained to be so many auditory 
vesicles with otoliths. This view was refuted by Claparede (39) 
and Claus (13), without their deciding on any definite sense. — To 
be continued. 

ZOOLOGY.' 

Reproduction of the Viscera in the Feather-stars.— It has 
been known for nearly four hundred years that Comatula, a liv- 
ing crinoid, is capable: of casting its visceral mass at will, or upon 
slight irritation, while in 1884 it was shown by Professor A. 
Milnes Marshall that one species had the power to reproduce the 
parts thus lost. Mr. Arthur Dendy has recently studied the sub- 
ject and suggests 8 that since these animals have no selective 
power over their food supply, this ability to cast out the stomach 
may be a provision for getting rid of any noxious matter or dis- 
agreeable parasite introduced by the ciliary currents. The line 
of separation takes place between two layers of connective tissue, 
one of which lines the cup in which the viscera rest while the 

1 Hill : Hamburger Magazin, XVII, 391. 

2 Bonnet : Contemplation de la Nature, in C, 18. 

3 Huxley ; On the Auditory Organs in the Crustacea, Ann. and Mag. Nat, Hist. 
II Ser. Vol. VII, 1851. 

* Leuckart: Ueber die Gehorwerkzeuge der Krebse, Archiv fur Naturgeschichte, 
1853, 1, 255, 304-306, 373-374- 

6 Leydig : Ueber Artemia salina und Branchipus stagnalis, Zeits. f. w. Zoologie, 
111,1851,287. 

6 Graber's sketch of our earlier knowledge of the "peg-bearing" organs (the 
chordotonal sense-organs of insects) pp. 509, 558, 586, are therefore to be corrected 

n the foregoing sense. 

7 Invertebrata edited by J. S. Kingsley, Sc.D., Maiden, Mass. 

8 Studies Biol. Laboratories Owens College, Vol. I, pp. 299-312, 1886. 



